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[57] ABSTRACT 

A cross-corrugated panel has a core between two faceplates, 
where the core comprises two groups of corrugated elements 
that are perpendicular to each other. The corrugated ele 
ments have peaks and troughs connected by diagonally 
extending segments. In each group of corrugated elements 
the peaks and troughs in adjacent elements are 180 degrees 
out-of-phase with each other. The faceplates and the corru 
gated elements in each group are joined at the peaks and 
troughs. The diagonally-extending segments of one of the 
elements comprise ?at strips whose ?at surfaces are parallel 
to each other and perpendicular to the faceplates. To make 
a cross-corrugated panel, a ?rst group of elements is pro 
vided, each element being formed by oppositely winding 
two strips of curable material to form overlapping helixes 
having rectangular cross-sections. The elements are posi 
tioned in parallel. A second group of elements of curable 
material is placed perpendicular to the ?rst group of ele 
ments. Each such element is positioned alternately over and 
under adjacent elements of the ?rst group to form peaks and 
troughs. The peaks and troughs of adjacent elements are 180 
degrees out-of-phase with each other. Mandrels and inserts 
are used to form the elements in each of the groups. The 
elements are then disposed between two faceplates of cur 
able material to form an assembly. The mandrels and inserts 
are replaced by granular particles and the assembly is cured. 

12'Claims, 4 Drawing Sheets 
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PANEL HAVING CROSS-CORRUGATED 
SANDWICH CONSTRUCTION 

The invention described herein may be manufactured and 
used by or for the Government of the United States of 
America for governmental purposes without the payment of 
any royalties thereon or therefor. 

FIELD THE INVENTION 

The present invention relates to improvements in corru 
gated panels, sometimes referred to as “sandwich panels.” 
More particularly, ‘the invention relates to a self-venting 
corrugated panel having a core comprising mutually per 
pendicular corrugated elements for providing improved 
strength, i.e., resistance to compressive, bending and shear 
ing forces. The invention further relates to a method for 
producing such panels. 

BACKGROUND OF THE INVENTION 

Light-weight sandwich panel construction employing a 
honeycomb core sandwiched between faceplates has been 
highly useful for various aerospace applications such as the 
manufacture of space vehicle and satellite components. 
However, the application of such panels to the primary and 
secondary structures of ground~based airplanes and helicop 
ters has resulted in signi?cant maintenance problems. For 
example, during the past twenty years of service experience, 
very high frequency of repair has been reported, due, for 
example, to problems with moisture retention, corrosion, 
ineffective edge seals and unbonding of the faceplates from 
the cores. Moreover, during repair work, further unbonding 
of the faceplates from the core can result from high vapor 
pressure produced by the heating process used to cure the 
repair material. Thus, any comparable substitute to a hon 
eycomb sandwich construction that eliminates or reduces the 
moisture retention and unbondings problem would be ben~ 
e?cial. 

In US. Pat. No. 5,348,601 issued to Hemen Ray on Sep. 
20, 1994, there is disclosed a low-density sandwich con 
struction with an open core that makes it self-venting. It 
comprises corrugated strips having planar peaks and 
troughs, arranged adjacent to and parallel with each other, 
with the peaks and troughs of adjacent strips being 180 
degrees out-of-phase with each other. This creates a plurality 
of passage-ways through which moisture can escape. Such 
a construction has good bending strength in the direction 
perpendicular to the corrugated strips, but less bending 
strength in the transverse direction. 

In US. Pat. No. 5,162,143 issued to Porter on Nov. 10, 
1992, there is disclosed a sandwich construction having a 
core which is made up of a plurality of criss-crossed 
corrugated strips. The corrugated strips cross at their peaks 
and troughs. To manufacture the construction, forming pro 
trusions are positioned on a base, and the corrugated strips 
are placed over the protrusions to form the peaks of the 
corrugations. One protrusion is required for each peak 
crossing point. The criss-crossed strips are then cured to 
form the core of the sandwich construction. The forming 
protrusions are then removed, and face sheets are adhesively 
bonded to the core. This construction thus does not over~ 
come the face sheet unbonding problem from which sand 
wich constructions suffer. 

SUMMARY OF THE INVENTION 

In view of the foregoing discussion, an object of this 
invention is to provide an improved self-venting cross 
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2 
corrugated panel which is substantially stiffer than similarly 
constructed corrugated panels of the prior art and which is 
bending- and shear-resistant in two directions. 

Another object of this invention is to provide a method for 
manufacturing the cross-corrugated panel of the invention 
which reduces the unbonding problem common to other 
sandwich structures. 

These and other objects are accomplished by a cross 
corrugated panel comprising ?rst and second faceplates 
positioned essentially parallel to and spaced apart from each 
other and ?rst and second pluralities of corrugated elements 
?xed between the faceplates. The corrugated elements of 
each plurality have planar peaks and troughs positioned at 
regular intervals and connected by diagonally-extending 
segments. All of the corrugated elements in a group are 
positioned parallel to and spaced apart from each other with 
the peaks and troughs being 180 degrees out-of-phase with 
each other such that the peaks of one element are adjacent 
to the troughs of adjacent elements. The two pluralities of 
elements are positioned perpendicular to each other, the 
elements of one plurality crossing the elements of the other 
plurality at their respective planar peaks and troughs. The 
diagonally-extending segments of the ?rst plurality of ele 
ments comprise two ?at strips whose ?at surfaces are 
parallel to each other and perpendicular to the faceplates. 
The preferred manufacturing method comprises providing 

a pair of spaced faceplates and two groups of elements, all 
of curable material. In the ?rst group of elements, each 
element comprises two strips that are oppositely wound to 
de?ne two elongated helixes having a rectangular cross 
section and intersecting each other on the short sides of the 
rectangular cross-section. The elements of the ?rst group are 
arranged in parallel relation to each other. The second group 
of elements, each of which is a strip, is positioned perpen 
dicular to the elements of the ?rst group. Each strip is 
positioned alternately over and under adjacent ones of the 
elements of the ?rst group so that adjacent strips contact the 
elements of the ?rst group where the helixes thereof inter 
sect, so that adjacent strips are 180 degrees out-of,phase 
with each other. The elements form a core, which is placed 
between the faceplates to form an assembly. The assembly 
is heated and cured to create a rigid strong panel construc 
tion. 

The invention and its various advantages can be better 
understood from the ensuing detailed description of pre 
ferred embodiments, reference being made to the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded perspective view of a presently 
preferred embodiment of the cross-corrugated panel of the 
invention. 

FIG. 2 is a top plan view of the cross-corrugated panel 
illustrated in FIG. 1 but with one of the faceplates partially 
removed. 

FIG. 3 is a side view taken along line III—III of FIG. 1. 
FIG. 4 is a side view taken along line IV-IV of FIG. 1. 
FIG. 5 is an illustration of an intermediate step in manu 

facturing the panel shown in FIG. 1. 

DETAILED DESCRIPTION OF THE 
' PREFERRED EMBODIMENT 

Referring again to the drawings, FIG. 1 illustrates the 
structural details of a cross-corrugated panel 10 according to 
a presently preferred embodiment of the invention. The 
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cross-corrugated panel 10 comprises a pair of opposing 
faceplates 16 and 20 and a core 24. While the faceplates are 
illustrated as comprising parallel ?at surfaces, it is within the 
scope of this invention for the faceplates to be curved. 
As seen in FIGS. 1, 2 and 3 the core 24 comprises a ?rst 

group 28 of elements, each element being a corrugated strip 
30 having planar peaks 32 and troughs 34 positioned at 
regular intervals and connected by diagonally-extending 
segments 36. Peaks 32 and troughs 34 comprise substan 
tially flat surfaces to which the faceplates 16 and 20 are 
?xed. 

Strips 30 of ?rst group 28 are spaced apart and parallel to 
each other and are arranged so that peaks 32 and troughs 34 
of adjacent strips are 180 degrees out-of-phase with each 
other, so that the peaks of one strip are along side the troughs 
of its adjacent strip. 

Core 24 also includes a second group 48 of elements 49. 
Each element 49 comprises two strips 50a and 50b, which 
together give the element a corrugated pattern having planar 
peaks 54 and planar troughs 56 that are connected by 
diagonally~extending segments 60, in a manner similar to 
strips 30 of ?rst group 28. Elements 49 are arranged so that 
they are parallel to each other and perpendicular to strips 30 
of ?rst group 28. 
As seen in FIG. 1, adjacent elements 49 in the second 

group 48 are 180 degrees out-of-phase with each other so 
that peaks 54 of one element are adjacent to troughs 56 of 
its adjacent elements. Furthermore, elements 49 are spaced 
apart from each other, enabling peaks 32 of ?rst strips 30 to 
coincide with peaks 54 of second elements 49 and troughs 
34 of ?rst strips 30 to coincide with troughs 56 of second 
elements 49. Further, peaks 32 and 54 are generally the same 
size so that they can nest, while troughs 34 and 56 are 
similarly sized for the same reason. Strips 30 are ?xed to 
faceplates 16 and 20, while strips 50a and 50b are ?xed at 
peaks 54 and troughs 56 to each other and to peaks 32 and 
troughs 34 of strips 30. 

In FIGS. 1, 2 and 3, the diagonally-extending segments 60 
of the second group 48 of elements 49 are seen to each 
comprise two relatively ?at elongated portions 66 whose ?at 
surfaces are parallel to each other and perpendicular to 
faceplates 16 and 20. 
As seen in FIGS. 1 and 2, each of the groups of elements 

28 and 48 resist shearing forces in the direction parallel to 
the faceplates 16 and 20 because the forces are resisted by 
the diagonally-extending segments 36 and 60. Because the 
peaks 32 and 54 and troughs 34 and 56 are connected to each 
other, each of the peaks and troughs forms part of a rigid 
four-sided pyramid that is capable of resisting shearing 
forces in all directions. Further, panel 10 is better able to 
resist compressive forces because each of peaks 32 and 54 
and troughs 34 and 56 is supported by four diagonally 
extending members 36 and 60. 

Still further, the panel 10 can be of any convenient 
cross-section such as arcuate or angled, provided the diago 
nally-extending segments 36 and 60 are properly sized. 

All of the components of cross-corrugated panel 10 are 
heat curable. The preferred method for manufacturing panel 
10 comprises assembling the components in a mold, heating 
them until they are cured and bonded to each other, and then 
removing them from the mold. 

Advantageously, the method uses a plurality of elongated 
mandrels 70 that are rectangular in cross-section and a 
plurality of groups 74 of elongated inserts 74A, 74B, 74C 
and 74D that are triangular in cross-section. 

As best seen in FIG. 5, each of rectangular mandrels 70 
and each of inserts 74A, 74B, 74C and 74D are ?rst wrapped 
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4 
in a thin stretchable release ?lm 80. Examples of suitable 
release ?lms are A4000, WRIGHTLON 4500 (a halohydro 
carbon release ?lm), WRIGHTLON 4600, WRIGHTLE 
ASE 5900 (a high-temperature ?uorocarbon ?lm) and 
THERMALIMIDE RCBS (a polyirnide ?lm) ?lms sold by 
Airtech International Inc., of Carson, Calif. 
The second group 48 of elements 49 is formed by wrap 

ping each of rectangular mandrels 70 along its length with 
two oppositely wound strips 50a‘ and 50b‘ of curable mate 
rial to de?ne two elongated, intersecting or overlapping 
helixes. Strips or helixes 50a‘ and 50b‘ intersect or overlap 
at equal intervals along the two short surfaces of mandrels 
70. Mandrels 70 are then placed in side-by-side parallel 
relation with the short surface (where helixes 50a‘ and 50b‘ 
intersect) positioned on top and bottom. Adjacent mandrels 
have helixes that are 180° out-of-phase with respect to each 
other as to the locations of the helix intersections. In other 
words, the locations where helixes 50a’ and 50b‘ overlap on 
the top of one mandrel 70 should be immediately adjacent to 
the locations where they overlap on the bottom of the next 
adjacent mandrel. 
The ?rst group 28 of strips 30 is formed by strips 30' of 

curable material about twice the width of strips 50a‘ and 
50b’. Strips 30‘ are placed in side by side arrangement, 
wrapped alternately over and under mandrels 70 to create 
the corrugated pattern. Adjacent strips 30'0 are oppositely 
wrapped alternately over and under the mandrels so as to be 
180 degrees out-of-phase with each other. All strips 30' 
should cross over or under a mandrel 70 at the location 
where helixes 50a‘ and 50b’ intersect on that mandrel. 

Inserts 74A, 74B, 74C and 74D are arranged as illustrated 
in FIG. 5 so that inserts 74B and 74D lie alongside and 
between adjacent mandrels 70 while inserts 74A and 74C lie 
between the inserts 74B and 74D and in facing relation to 
faceplates 16 and 20. 
The facing surfaces of inserts 74 form diagonally directed 

slots through which the diagonally-extending segments 36 
pass. Additionally, it should be appreciated that inserts 74 
de?ne spacers which enable the distance between rectangu 
lar mandrels 70 to be ?xed. 

Strips 30' and 50a‘ and 50b‘ can be made from suitable 
?exible curable material such as MAGNAMITE (registered 
trademark) Graphite Prepreg Tape AS4/350l-6, made and 
sold by Hercules Incorporated, Wilmington, Del. Such a tape 
comprises an amine-cured epoxy resin that is reinforced 
with unidirectional graphite ?bers. 

After mandrels 70 and inserts 74 are wrapped with strips 
30' and 50a‘ and 50b‘, they are inserted between a pair of 
uncured composite faceplates 16' and 20' and placed inside 
a suitable stiff mold cavity 90 with all of its walls, except for 
the front wall, secured. 

Next, mandrels 70 and inserts 74 are carefully removed 
one at a time, without removing release ?lms 80. The voids 
resulting from removing mandrels 70 and inserts 74 are 
?lled and compacted with a suitable granular mixture such 
as a mixture of glass beads and plastic-type powder such as 
polytetra?uoroethylene (PTFE) to provide an assembly hav 
ing a plurality of granular mandrels and inserts. 

After the granular mandrels and inserts have been formed, 
the front of cavity 90 is covered with a soft, uncured silicone 
rubber-type material. Cavity 90 is then closed by the cavity 
front wall in a well-known manner, and the top of the cavity 
is preferably unfastened and loosely placed on the assembly. 
Finally, the entire assembly is subjected to the curing 
conditions recorrnnended by the manufacturer of the com 
posite material. 
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During curing strips 30' and 50a‘ and 50b’ will harden into 
corrugated semi-rigid strips 30 and 50a and 50b and they 
will be integrally bonded to each other and to faceplates 16 
and 20 at their peaks and troughs 32, 34, 54, and 56. 
Upon completion of the cure cycle, the cavity walls are 

removed and the granular mixture is removed. Release ?lms 
80 are then removed leaving cross-corrugated panel 10 
shown in FIG. 1. Mandrels 70 and inserts 74 and the 
granular mixture may be reused in subsequent panel-making 
processes. t 

The invention has been described with reference to par 
ticularly preferred embodiments. It will be apparent to 
skilled artisans that various modi?cations can be made 
without departing from the spirit of the invention, and such 
modi?cations are intended to fall within the scope of the 
appended claims. 
What is claimed is: 
1. A cross-corrugated panel, comprising: 
?rst and second faceplates positioned essentially parallel 

to and spaced apart from each other; 
?rst and second pluralities of corrugated elements ?xed 

between said ?rst and second faceplates, the corrugated 
elements of each plurality having planar peaks and 
troughs positioned at regular intervals and connected 
by diagonally-extending segments, and being posi 
tioned parallel to and spaced apart from each other with 
the peaks and the troughs being 180 degrees out-of 
phase with each other such that the peaks of one 
element are adjacent to the troughs of adjacent ele 
ments, said two pluralities of element being positioned 
perpendicular to each other, the elements of one plu 
rality crossing the elements of the other plurality at 
their respective planar peaks and troughs, the diago 
nally-extending segments of said ?rst plurality of ele 
ments comprising two flat strips whose ?at surfaces are 
parallel to each other and perpendicular to said face 
plates. 

2. The cross-corrugated panel of claim 1, wherein there is 
an integral connection between said faceplates and said 
second plurality of corrugated elements, and between said 
second plurality of elements and said ?rst plurality of 
elements. 

3. The cross~corrugated panel of claim 1, wherein said 
?rst and second faceplates and said ?rst and second plurali 
ties of corrugated elements are composed of ?ber~rein 
forced, resin-impregnated composite. 

4. The cross-corrugated panel of claim 2, wherein said 
faceplates and said ?rst and second pluralities of elements 
are composed of curable material, and said integral connec 
tions are formed by co-curing said faceplates and said ?rst 
and second pluralities of elements. 

5. A method of making a cross-corrugated panel, com 
prising the steps of: 
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6 
providing ?rst and second faceplates composed of curable 

material; 
providing a ?rst plurality of elements of curable material, 

each of the elements comprising two strips that are 
oppositely wound to de?ne two elongated helixes hav 
ing a rectangular cross-section and intersecting each 
other on the short sides of the rectangular cross-section; 

arranging the elements in parallel relation to each other; 
providing a second plurality of elements, each of the 

elements comprising a strip of curable material; 
positioning the elements of the second plurality perpen 

dicular to the elements of the ?rst plurality, each 
element being positioned alternately over and under 
adjacent ones of the elements of the ?rst plurality so 
that the elements of the second plurality contact the 
elements of the ?rst plurality where the helixes thereof 
intersect, so that adjacent elements of the second plu 
rality are 180 degrees out-of-phase with each other, the 
pluralities of elements forming a core; 

placing the core between the faceplates to form an assem 
bly; and ' 

heating and curing the- assembly to form the cross 
corrugated panel. 

6. The method of claim 5, wherein said step of providing 
a ?rst plurality of elements further comprises the step of 
providing a plurality of elongated rectangular mandrels 
around which the two strips are oppositely wound to de?ne 
the elongated helixes. 

7. The method of claim 6, wherein said step of positioning 
the elements of the second plurality further comprises the 
step of providing a plurality of groups of inserts and posi 
tioning a group between each of the rectangular mandrels to 
guide the elements of the second plurality therebetween. 

8. The method of claim 7, wherein each of the groups of 
inserts comprises four inserts having triangular cross-sec 
tions and being arranged so that they form a rectangle in 
cross-section with the facing surfaces of adjacent ones of the 
four inserts forming oppositely directed and diagonally» 
extending openings through which the elements of the 
second plurality extend. 

9. The method of claim 7, further comprising the step of 
removing the mandrels and the inserts before the assembly 
is heated and cured. 

10. The method of claim 9, further comprising the step of 
?lling the space occupied by the mandrels and the inserts 
with non-curable granules before the assembly is heated and 
cured. 

11. A cross-corrugated panel made by the method of claim 
5. 

12. A cross-corrugated panel made by the method of claim 
6. 


